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INTRODUCTION 
In ultrasonic nondestructive testing use is made of the physical properties of 
elastic waves in solids in order to detect defects and material inhomogeneities. 
Difficulties in testing anisotropic materials are due to the direction dependence of the 
ultrasonic velocities and to the inherent effects of beam divergence and beam 
distortion. Based on a theory of elastic wave propagation in transversely isotropic 
media [1], the Generalized Point-Source-Synthesis-method (GPSS) has been developed 
to model the radiation, propagation and scattering of elastic waves as generated by 
ultrasonic transducers in these media [2]. The method accounts for the 
three-dimensionality and the vectorial character of anisotropic wave phenomena and is 
particularly useful in view of application-directed modeling at low computation times. 
A specifically interesting outcome is OPoSSM (,Optimization by 
Point-Source-Synthesis-Modeling'), which allows optimized dimensioning and build-up 
of complex transducers according to their selected field of application. In this 
contribution, results are presented for austenitic weld material and fiber composites, 
covering echo dynamic curves - in comparison with experimental results - for 
commercial transducers. Furthermore, OPoSSM-results on optimized TR-array-probes 
are presented as well as snapshots of transducer-generated wavefronts, impressively 
illustrating the modeling of time-dependent rf-signals. 
GENERALIZED POINT-SOURCE-SYNTHESIS GPSS 
The physical background to the method is Huygens' principle: each point of a 
wave front is the starting point of an elementary wave, the new wave front is obtained 
as the superposition of all elementary waves. This also holds for any inhomogeneities, 
especially for interfaces between several media and for defects inside the material. The 
(scalar) propagation function of a single elementary wave in the isotropic case is 
described by the respective Green's function as the far field of a point source 
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according to 
um = J...exp(-jwrm/v) , 
rm 
(1) 
where U m designates the contribution of the m-th point source to the (complex) sound 
field, rm is the distance between point source and the respective location in the 
material, w denotes the circular frequency and v is the phase velocity. The 
contributions of all point sources according to Eq. (1) are additionally multiplied with 
the corresponding directivities and subsequently summarized. 
In anisotropic media, the direction dependence of the wave velocities and the 
directivities has to be included, additionally the phase velocity entering the 
exponential function in the isotropic case (Eq. (1)) has to be replaced by group 
velocity [3]. Accordingly, the displacement vector describing the transducer-generated 
a-wave field follows as [2] 
Here Rm designates the position of the m-th tangential (i =x, y) or normal (i =z) 
point source, a designates the considered wave type (isotropic: SH, SV, Pj 
transversely isotropic: SH, qSV, qP). The direction dependence of the group 
velocities ~, the polarizations nO< and the directivities r~':,int is expressed by Om, which 
is the angle of insonification producing a (energy) contribution of the m-th point 
source in the direction (R - Rm). Equation (2) is a most general expression valid for 
any anisotropic medium. A detailed description of Eq. (2) and the determination of 
the directivities r~':,int for arbitrarily oriented transversely isotropic media is given in 
Ref. [2]. 
MODELING OF C-SCAN EXPERIMENTS IN ANISOTROPIC MEDIA 
Experiments have been performed on austenitic weld material specimens and 
on carbon-fiber reinforced composites (CFC). The austenitic specimens (308) show an 
almost ideal alignment of the grains with an inclination angle of about 7.5° with 
respect to the surface in Specimen A and about 82.5° in Specimen B (Fig. la). The 
geometry of the CFC-specimens (graphite-epoxy with fibers being orientated at 0°, 
15° and 45° to the surface normal) are shown in Fig. 1 b. The experiments have been 
performed with a piezoelectric normal-transducer of 2.25 MHz frequency and 6.3 mm 
in diameter (Krautkramer MSW-QC 2,25), generating (quasi-) longitudinal waveSj the 
receiving transducer used was of the same type. The sound fields of this transducer 
generated in transversely isotropic austenitic structures of different orientations have 
been given in Reference 2. For verification of the GPSS-modeling code, echo dynamic 
curves (EDCs) and C-scans have been measured. 
Figure 2 shows the results for the experimental and theoretical EDCs for the 
austenitic Specimens A and B. Since the grains orientations are slightly 
inhomogeneous in these specimens, several scan lines have been evaluated, displayed 
in Fig. 2 as a grey band. The simulated EDCs show good correlation with the 
experimental curves, modeling correctly both the maximum peak and the overall 
shape. A detailed discussion as well as the measured and simulated C-scan images will 
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Figure 1: Geometry of the weld material specimens (a) and of the CFC-specimens (b). 
The transmitter-receiver arrangement for the C-scan measurements is also indicated. 
be given in Reference [4]. The EDCs for the CFC-specimens (Fig. 3) also show good 
agreement between theory and experiment, apart from a split in the maximum peak 
in the experimental curves. This splitting is attributed to some degree of fiber 
misalignment and isles of higher and lower fiber concentration due to the 
manufacturing of these composites. The modeled results show also excellent 
quantitative agreement: the maximum amplitude for the 45°-specimen - both the 
experimental and theoretical curves have been normalized to the max amplitude of 
the respective 0°-curve - is correctly predicted to about 70%. The respective C-scans 
and more details will also appear in Ref. [4]. 
MODELING OF RF-PULSE PROPAGATION 
Time-dependent rf-pulses are modeled by including the respective time 
function in Eq. (2). To account for a realistic experimental pulse, a raised cosine 
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Figure 2: Comparison of GPSS·simulated (solid line) and experimental (grey band) 
echo dynamic curves. 
(RC2) time function has been used according to 
fRc2 (t) = [1 - cos(wt/2)] cos(wt), 0 ~ t ~ 47r/w . (3) 
The propagation of pulses generated by the 2.25MHz-6.3mm·transducer in the 0°_ and 
15°·CFC-specimens is illustrated in Fig. 4 by wavefront snapshots at successive time 
steps. At t = IJ-ls the pulse just leaves the transducer and then (2 and 3 J-ls) propagates 
perpendicularly downward in the 0°-specimen, while in the 15°-specimen the pulse is 
skewed along the fiber direction. These plots impressively demonstrate the modeling 
capabilities of the GPSS-method, which can of course also be employed to provide the 
respective A-scans. 
MODELING AND OPTIMIZATION OF COMPLEX TRANSDUCERS: OPOSSM 
Based on the well-known physical phenomena of elastic wave generation in 
isotropic media GPSS can be employed to model complex ultrasonic transducers as, 
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Figure 3: Comparison of GPSS-simulated and experimental echo dynamic curves for 
the CFC-specimens. 
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Figure 4: Wavefront snapshots of a RC2-qP-pulse in CFC (left: QO-specimen, right: 
15°-specimen). The pulses are generated by a 2.25MHz-6.3mm-transducer. 
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Figure 5: Dimenions of the optimized TR-array-probe SEA2/1 (16 elements, 2.0 MHz). 
for example, angle-probes or transmitter-receiver(TR)-probes of different build-up. 
Particularly interesting in this respect is the optimization of such transducers 
according to their desired field of application. Simulating the transducer in its three 
dimensions allows to vary parameters like e.g. quartz size and frequency to optimize 
the transducer build-up with respect to the radiation of a certain wave type 
(longitudinal, transverse or creeping waves). This procedure - known as 'OPoSSM' 
(Optimization by Point-Source-Synthesis Modeling) - can be applied to isotropic 
media, a respective application to anisotropic media is currently being implemented. 
The difficulty of dimensioning and optimizing array-probes is - additionally to 
their three-dimensional build-up - due to the electronical steering of each element, 
which allows a variation of the generated sound field and thus of the respective focal 
depth. The TR-array-probe displayed in Fig. 5 (16 elements, frequency 2 MHz) has 
been optimized by OPoSSM with respect to quartz size and tilt angle. For a fixed 
housing of 40 x 40 mm2 , the goal was to obtain a lateral width of the focal spot of less 
than 6 mm (0 to -6 dB) to allow for an optimized steel inspection in a depth range of 
10 to 30 mm. Figure 6 shows the transmitter sound field and the transmitter-receiver 
sensitivity zone of the probe when focussed to 10 and 20 mm depth. 
CONCLUSION 
The capabilities of the GPSS-method with respect to application-directed 
modeling of elastic wave radiation and propagation has been demonstrated in this 
contribution by several examples. Especially the good comparison with experimental 
results encourages an extended application of GPSS for planning and optimizing NDT 
of anisotropic materials. The vectorial-elastodynamic 3d-method - at the moment 
available for transversely isotropic media of arbitrary orientation - requires low 
computation times and does not e.g. suffer from instabilities for long travelling paths. 
Inclusion of mode conversion effects as well as separated modeling of inherent wave 
phenomena are further interesting features. The modular arrangement of the software 
allows for easy up-dating, accounting e.g. for other material symmetries, complex 
component geometries or scattering at defects. 
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Figure 6: Transmitter sound field and transmitter-receiver sensitivity zone of the array-
probe SEA2/1 when focussed to depths of 10 mm (a) and 20 mm (b). 
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